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Abstract

FHE )

To realize channel cross-connecting in optical communications systems, a high speed optical matrix

switch was fabricated using z-cut LiNbOs. For switch fabrication was design bending structure and coupling length
and four 2 x 2 directional couplers were integrated on one substrate for construction of a 4 X 4 switch. Single- mode opti-
cal waveguides were formed by Ti-diffusion at a wet O. atmosphere. Ti-diffusion profile, refractive index variation
and waveguide morphology were analyzed by Prism coupler and optical microscopy, respectively.
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Fig. 1. Ti-indiffused waveguide fabrication procedure.

Optical WG

foput ':\\3\

har

(a)

l

] LTS

« 1 3 Sttt

%0 Elexrode
S0, .. GETEmEER
Buﬂ{er g :
) fayer
z-cut LiNBOM Trindiffused
Substrate wavegisde

Fig. 2. Schematics of (a) a directional coupler switch unit and
(b) cross-section of a directional coupler.
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Fig. 3. Surface photographs (1,000) of waveguides Ti-
indiffused at atmosphere of (a) excess O and (b) 2 bubbles of
O»/sec.
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Fig. 4. The refractive index profiles, in a depth direction, of a z
~cut TiLiNbO;, after diffusion. Ti strip thickness was 1100A

for (a) and (b), and 900A for (c) and (d). respectively. The |

curves (a) and (c) depict the index profiles when diffusion was
conducted at only wet O, atmosphere, and (b) and (d) depict
the profiles when a wafer foldering method was also accompa-
nied.
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Table 1. Description bf samples.
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Fig. 5. (a) Coupling length, L, and (b) driving voltage, Vsw(V)
according to the separation and width of waveguides.
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Table 2. Analysis conditions to calculate coupling length.
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Polarizs-tion Wave-Length Diffusion Temp diffusing Time | Ti Strip Thickness dn/dc
TE mode 1.55/m 1050C 6hrs 9.50A 0.625
Table 3. Bending losses in various bending structures.(W= 7, S=7mm, x=125-(W+5)/2, L=4000/m)
bend linear Sine double arc cosine
Loss(dB) 3.8823 0.1867 0.12 0.0367

—m— Double arc
W=7pm, §-7um

x=125- (W+S02

Bending Loss (dB)
:

1600 1500 2000 2500 3000 3500 4000

L (um)

Fig. 6. Bending loss versus L in a double arc structure.

&~
=]

3 3s
2 301 .
s} ] I Linear-bends
oo 2.5 2 Sine-bends
T 207 3 Double arc-bends
2 4 Cosine-bepds
M 151

1.0

057

0.0 - N .

1 2 3 4
S-bends

Fig. 7. Bending loss vs bending structure in input/output re-
gions.
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Fig. 8. A schematic diagram (a) of Ti:LINbO, wavey.iues of an
optical matrix switch and microscope~-photographs of bending
structures of (b) a directional coupler and (c) the crossing point
of four directional couplers. The regions of (b) and (c) are indi-
cated in (a).

A& sz, AfAo], &2ke 27 TEAYE 1)
o T2 3 712§ 42 TmE ok

Fig. 6& =929 Z3 71 A& 72t Tim, $EY 999
F =32 le]9] 1AL 250mE 2AT AelelA dou-
ble arc S-bends®] &Y 949 Zo] L& WA AH
4] bending loss & A4k 7ot} Lo] 1000~2000um F-
Zol A& bending loss & WE 7l FA48HA Witz
~4000ml A Mz} FHsn g2 o F Ut

E 37 Fig. 72 ¥ 994 S-bends ko] =2
bending loss & EAJZHA (W=T7mm, S=Tm, L=4000m)
slol| 4] Al4kgr Zie]t}t. Linear bends 727} 7} & €4
S B4 cosine bends %7} sinee|t} double arc 7=
Br} ¢33 o Fh& 4% Bt

idsalol thgt AlE ol A, 294 AE mejd
urakg A7) o], e 99 2 WP AR A
ZAB-25 2% S-bend S} ZHolE o]8-3}ed, FJ3] 3 inch
LiNDO; 71 ol H4 9 £4& 7HAH 58 F e
4x4 F EY2x 293F AzEGTh. Az fEY~
29129) /W= Fig. 13 2}

Fig. 82 cosine-bend FZ& ZF= bend ¥ cross 9%
9] £} 2 = (1000 magnification) &} &38u] 4 A}A



258 gAaeHa A122 A45 (2002

Fig. 9. A photograph of the packaged optical 4X4 matrix
switch.
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